The analysis of medium sized arrays of complex antenna elements by means of a full-wave numerical modelling technique often requires impractical amounts of computer power. Nevertheless, it is essential that all the mutual couplings between elements are taken into account. In this contribution, a technique is presented in which the individual element is characterised using the FDTD method and, using the information this provides, the behaviour of the complete array is predicted using a method based on reaction matching. Results 
INTRODUCTION
The prediction of the far field radiation patterns and return losses for antenna arrays comprising a finite number of complicated elements, such as microstrip patches, printed dipoles and the like, with modest computer resources is doubly problematic. Firstly, even the analysis of a single element may be difficult and secondly calculation of the interaction between array elements, which may be placed in close proximity, increases the scale of the problem enormously. This is true both with techniques such as FDTD [1] for which the computational effort is only linearly dependent on the size of the computational space but which requires the discretisation of the total space occupied by the array and for the Method of Moments [2] for which the effort is proportional to somne power of the number of unknowns. For medium sized arrays of between five and fifty closely spaced complicated elements where infinite array approximations are inadequate but where mutual impedance effects cannot be ignored, the situation using either technique rapidly becomes impracticable. In this contribution, a methodology is presented which allows accurate results to be obtained for problems of this type using just a meduim power workstation such as the HP9000/730.
A general method for drastically reducing the amlount of computer resources required for this type of problem was recently presented [3] where its effectiveness was demonstrated for the case of an array of wire dipoles.
In this contribution the method is extended to allow the analysis of the much more complicated case of an array of printed dipoles of the type described in [41 and illustrated in Figures I and 2 . The individual element -175-consists ot a printed dipole with a microstrip feed and balun. The dimensions are given in Figure 1 . The array is based on arranging the elements in the pattern of an equilateral triangle as illustrated in Figure 2 . Each element pi-otrudes through an aperture in a reflecting back plane which is considered to have infinite area. Comparison of the results obtained using the new method with those produced using a full FDTD analysis and with measurement show good agreement.
THEORY
An example of the general problem to be solved is shown in Figure 3 , where three elements of an array are shown. The actual element which will be used as an example in this paper is shown in Figure 1 . Around each element a fictitious surface is drawn, shown as a dashed line, on which the scattered field patterns of that element in isolation are calculated. Each element with its surrounding surface is represented as a 2 port network. Because the response of the element to an incident signal at the feedline is different from its response to an incident field from a distant source, each element is characterised for both situations. at the surrounding surface. In each case calculate the strength of the signal emanating from the feed line, v9, and the distribution of the scattered field at the surrounding surface, { E"P , HS"P. It is noted that this requires P separate FDTD runs where P is the number of test fields used.
In [3] , a single incident test field is applied and the approximation is made that the form of the scattered field resulting from the actual incident field will be the same as that resulting from the incident test field. This corresponds to the assumption that the induced current distribution on the antenna is independent of the form of the incident signal. For the wire dipole treated in [3] this is indeed very nearly the case. However for the more complicated case of the printed dipoles, it has been found that the direction from which the incident field arrives can make a considerable difference to the form of the scattered field. This behaviour is illustrated in Figure 5 which shows the scattered fields in the E plane and the H plane of the element resulting from incident fields impinging from three different directions corresponding to the positions of three different neighbours in the array. It can be seen that, whereas in the H plane, the scattered field is indeed virtually independent of the direction of the incident field, this is definitely not the case for the E plane. In particular, it can be seen that the characteristic null in the radiation pattern which exists at around 7O' from boresight when the feedline is excited, changes position depending on the direction of the incident excitation.
In view of this behaviour, it is necessary to extend the basic method described in [31 in As has previously been discussed, the incident field at, for instance, element I resulting from excitation of element 2 may be quite different from that resulting from excitation of element 3. If the value of S 1 for the array is calculated using test field I and the value of Si3 is calculated using test field 2, then accurate results would be obtained for both. In general, the final array S matrix is made up by selecting components from the set of estimated S matrices such that the test function used for the chosen estimate is closest in form to that of the expected actual incident field.
In the case where less than six test functions are used, whether because of symmetry of simply to reduce the computational requirement, then for each component of the array S matrix, the test function which is considered the closest approximation to the actual incident field will be used. For instance, consider the case where only three test functions are used as shown by the solid lines in Figure 4 which are derived as follows: We may use any of these functions to approximate the field arriving at a specified element resulting from excitation at a different specified element. For the example described here, test function 2 has been used in place of test functions 4-6. Clearly, other choices are possible.
For the results presented here, three test functions were used which are illustrated by the solid lines in Figure   3 and the isolated element is analysed using the FDTD method [5] . It is possible that more accuracy would be obtained if all six near-neighbour incident fields were used and work is continuing to establish the optimum number of test fields.
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RESULTS
In Figure 6 . the co-polar and cross-polar fir field radiation patterns, calculated usinng this method are shown and comiipared to results obtained using the full FDTD method and to measurement. The results are taken at a frequency of 9.3GHz. the centre of the operating bandwidth of the antenna. It can be seen that, for the co-polar patterns, agreement is generally better than +1-IdB. For the cross-polar results the same general levels are obtained but the actual shape is different, mainly due to measurement uncertainties. However, agreement with measuremenlt is as good as with the full FDTD method.
CONCLUSIONS AND DISCUSSION
It hlas been shown that accurate results can be obtained using the combination of FDTD and reaction matching described in this contribution for an array of complex elements. In order to completely characterise the array using full FDTD required 14 days of computer cpu time on an HP700 workstation, using the new method this was reduced to about 8 days. For larger arrays the savings are much greater. For instance for an array an order of magnitude larger the estimated time required for FDTD is about 2 years on an HP700 whereas for this method the estimated time is about 72 days. Moreover, if it were required to change the geometry of the array, it would be necessary to completely repeat the FDTD analysis in order to characterise the new structure. With this method, however, only some of the results would need to be recalculated. Thus the optimisation of the geometry of an array which is impractical using full FDTD or MoM, becomes more viable using this type of modelling. 
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